In this study, field-scale EGSB bioprocess with a working volume of 2280 m 3 was examined for 1 year in Türk Tuborg Bira ve Malt Sanayi A.Ş. factory, Izmir, Turkey. The aim of the study was to evaluate the performance of the EGSB reactor during anaerobic digestion of brewery wastewater, which was not reported before at a field scale. Even though, no external heating was applied throughout the study, the COD (Chemical Oxygen Demand) removal efficiency of the EGSB reactor varied between 81-86% corresponding to an effluent COD concentration of 1100 mg l -1 on the average, which is in compliance with the discharge standard to publicly owned sewage channel. In addition solid wastes which have high organic content sold as animal feed are investigated for anaerobic digestion in Türk Tuborg, Izmir, Turkey. These wastes in the form of solid material were aimed to produce extra bioenergy via biogas technology. Biochemical Methane Potential (BMP) tests indicated that 45 m 3 biogas productions per ton of malt wastes were possible via daily gas production potential of 4400 m 3 biogas. The valorization of these malt wastes mean that the current biogas production could be doubled and the bioenergy content of the whole organic wastes could take 50% share in the whole energy budget, which could realize tremendous savings in energy expenditure and carbon emissions. The results obtained in this study demonstrated that the waste problem in any industry could be turned into environmentally friendly solution and Türk Tuborg is a reference process for similar facilities.
Introduction
As a result of ever increasing environmental concerns on global warming issues due to the fossil based energy consumption, industries have been increasingly interested in alternative energy sources, especially biological ones such as biogas from their process wastes. It is well known that increasing energy demand of fast growing economy in all developed and developing countries have been causing environmental pollution. Eventually, the interest in biofuels, especially biogas production, has also been increasing. In this respect, food industry wastes have great potential to meet this ever increasing energy demand of industries via biogas production which has also economic and ecological benefits. Both aerobic and anaerobic processes are usually used for metabolizing most biodegradable organic pollutants at approximately same rates per unit of biomass (Speece, 1996) . Anaerobic biodegradation system is more cost effective than the aerobic process in most cases (especially when the influent COD is high) and other advantages such as minimizing the off-gas production, much lower foot print and less nutrient requirement etc. make process more attractive (Speece, 1996) . Last but not the least, energy recovery in the form of biomethane from anaerobic treatment contributes to energy security not only at industrial scale but also at national scale (Kaushalya, et al., 2010) . Anaerobic digestion processes are suitable for many types of industrial wastes, especially of organic origin such as potato waste (Parawira, et al., 2005) , food (Lee et al., 1999) and sugar beet pulp (Weiland, 1993) , fruit and vegetables craps (Viturtia, et al., 1989) , animal waste (Qiao, et al., 2011) and municipal organic solid wastes (Bolzonella, et al., 2006) . Significant numbers of studies and research activities on the biogas potential of solid organic substrates have been carried out; on the other hand, there is very limited data in regard to the valorization of brewery solid wastes in this manner.
Brewery is one of the traditional industries with an important economic value in the agro-food sector. The total beer production in Europe is more than 358x105 m 3 with 117.000 employees working in more than 1840 facilities which corresponds to over 8.8 billion € revenues (The Brewers of Europe, 2004) . In brewery industry, approximately 3-10 l of wastewater is generated for each liter of beer produced (Tabatabaei, et al., 2010) . Beer production steps include both chemical and biochemical reactions such as mashing, boiling, fermentation, maturation and also separation processes (wort separation, wort clarification and rough beer clarification, filtration, CIP (Clean In Place), packaging, etc.) respectively (Fillaudeau et al., 2006) . For every 1,000 tons of beer produced, 137 to 173 tons of solid waste may be created in the form of spent grain, trub from wort production, waste yeast (Jurado, 2011) . During these processes different types of wastewater is released based on the production process. Therefore, pollution parameters such as pH, temperature, suspended solids, organic materials etc. of brewery effluent and temperature vary depending on the source. Nitrogen and phosphorous levels mainly depend on the handling of raw material and the amount of spent yeast present in the effluent. Elevated phosphorous levels can also be the result of phosphorous containing chemicals used in the CIP unit. Brewery effluent include sugar, soluble starch, volatile fatty acid, ethanol (Driessen and Vereijken, 2003) , high content of suspended solids, e.g. spent maize, malt, and yeast (Parawira, et al., 2005) , etc. which also contribute to the organic pollution which is amenable for biodegradation (BOD -Biochemical Oxygen Demand/COD -Chemical Oxygen Demand ratio of 0.6-0.7 (Driessen and Vereijken, 2003) . The brewery process results in the generation of wide variety of solid wastes including spent grains, trub, spent yeast, and diatomaceous earth slurry from filtration. Some of these residues have a commercial value as byproducts for livestock feed, even though the nutritional value of spent grain is less than that of the same amount of dried barley. Amongst slurry type wastes, trub consists of heavy fats, wort, inactive yeast and hop particles and unstable colloidal proteins coagulated during the wort boiling. Surplus yeast which has a high content of organic matter is a residue produced during natural sedimentation at the end of the fermentation and conditioning. Most of the spent yeast is sold as a feeding material for livestock. Another solid waste during the brewery process is diatomaceous earth slurry from the filtration of beer which is composed of large amount of Suspended Solid (SS) and high BOD/COD ratio (Bolzonella, et al., 2006) . Due to the high organic loadings of the brewery industry, the demand for environmental investments are high, on the other hand, the organic material available in brewery wastes has also very high potential for bioenergy production allowing an environmentally friendly disposal solution.
In this study, the conversion of brewery wastewater (Türk Tuborg Bira ve Malt Sanayi A.Ş.) into bioenergy is reported at real scale and the bioenergy potential of other solid organic waste streams such as malt wastes and grid wastes were examined using BMP (Biochemical Methane Potential) protocol. To the best of our knowledge, there is only one literature report in regard to full scale performance of a UASB (Up flow Anaerobic Sludge Blanket) reactor (Parawira, et al., 2005) . In our study, we report the performance of a novel bioreactor configuration, namely EGSB reactor and furthermore; we also report additional data on the extra bioenergy potential of the brewery wastes (malt waste and grid waste) which doubles the bioenergy potential of the brewery waste streams.
As a result, both economically and ecologically attractive model for the disposal of brewery wastes is presented in this study. The results were reported to demonstrate the potential of organic wastes in the whole energy budget of the factory as a model solution for other industries.
Material and Method

Characterization of Wastewater and Solid Wastes
The beer industry wastes (industrial malt and grid wastes) and wastewater samples were taken from Türk Tuborg Bira ve Malt All of the performance data used in this study was obtained from the industrial fullscale EGSB reactor operating in Türk Tuborg Bira ve Malt Sanayi A.Ş. in Izmir, Turkey. The whole treatment system consists of screening unit, flow equalization tank, EGSB reactor, secondary settling tank, sludge thickener and decanter as sketched in Fig.1 . There is no extra heating applied since the process wastewater is already warm (about 25-30 o C) ( Table 1 ). The total volume of the EGSB reactor was 2280 m 3 and the organic loading rate of 6 kg COD m -3 .day -1 , on the average. In order to monitor the performance of the whole treatment system, especially EGSB bioreactor, the following operational parameters such as CH4% in the head space, temperature, pH, OLR (Organic Loading Rate), HRT (Hydraulic Retention Time) and influent flow rate were monitored daily at different sampling points. VFA (mg l -1 ) <1500 625±280 90±23 62±32 pH 6,5 -8,2 6,0±1,06 7,1±0,2 7,5±0,4 Temperature ( o C) 25-40 (35-37) 26±3,14 27±3,5 24±3,7
VFA/Alkalinity 0,1-0,3 0,13±0,1 0,3±0,08 0,2±0,07
Biochemical Methane Potential (BMP) Tests
Biochemical methane potential assay (BMP) was used to monitor the anaerobic biodegradability (Owen, et al., 1979) . In order to determine the anaerobic biodegradability of the two different solid wastes such as malt waste and grid wastes from primary screening unit; BMP tests were used. The BMP Assay was performed in 100 ml serum bottles capped with rubber stoppers and sealed with aluminum covers. The serum bottles were seeded with flocculent anaerobic stock culture with VSS (Volatile Suspended Solids) values of 66 g l -1 respectively. The flocculent anaerobic consortium was obtained from the anaerobic UASB reactor. The bioreactors were seeded with 10 ml inoculum obtained from the main stock in order to provide a VS concentration of 10 g l -1 in reactors and 5 ml of basal medium from a ten times concentrated stock Speece et al. (2006) . The organic dry matter content was increased from 10% to 17.5% in different reactors the pH was kept at 7 and after flushing the head space with N2 gas to provide anaerobic conditions the reactors were kept at 36 o C incubator. All bottles were purged with a gas mixture of 75% of N2 and 25% of CO2 for 4 min to provide anaerobic conditions and were then capped with rubber stoppers and sealed with aluminum covers. Total gas production recorded daily for 30 days by a glass syringe and the methane content of biogas in the head space was determined by gas chromatography (GC). The control serum bottles that contained only biomass but no organic wastes were also run in all experiments to determine the background gas production. The total gas production was recorded each day using a hypodermic needle connected to a calibrated fluid reservoir through the serum cap. All experiments were run in triplicate and the mean values of net biogas production were reported (Azbar, et al., 2010) . C/N/P is an important parameter for the successful anaerobic degradation of organic wastes. In comparison with industrial scale results, N and P coming from barley structure are above the literature values. But no significant negative effect was noticed throughout the study in terms of the operation of the reactors.
Result & Discussion
Result of Characterization
Suspended or dissolved solids in influent and effluent were also analyzed. In this study, a TSS value in the influent was 900 mg l -1 . SS values in the influent were found to be slightly higher than the literature values; on the other hand, finals discharge had low SS values around 200 mg l -1 . In order to minimize the COD contribution of residual SS in the final discharge, Türk Tuborg employs a final sedimentation tank before discharging into publicly owned sewer.
The average COD value of influent of the anaerobic biodegradation system is 6000 mg l -1 . The average COD value was observed to be significantly dependent on the beer production process. But, the existing anaerobic bioreactor which had a HRT of 1-2 days was able to accommodate these variations resulting in a final discharge COD values between 200-500 mg l -1 COD before the final discharge point (Table 2 , Fig. 2 ). COD removal and methane yields are affected by organic loading rates (OLR) (Fig. 3) . As seen in Fig. 3 Food to Microorganism (F/M) ratio which is also another important operational parameter for system's stability (Igoni, et al., 2008; Tchobanoglous, et al., 2003) . In this study, even though the OLR values changed between 1-16 kg COD m -3 day -1 throughout the study, the average OLR was between 6-8 kg COD m -3 day -1 OLR. Even 1 day HRT conditions resulted in high COD removal. Parawira et al. (2005) reported 57% COD removal under the operation conditions of 6 kg COD m -3 day -1 OLR and 1 day HRT. Ling et al. (2004) reported performance of an EGSB reactor operating under acidic conditions (pH 6). COD removal efficiency of 95% was achieved with an OLR of 5 kg COD m -3 day -1 .
Fig. 3: COD Removal and Methane Production Performance of EGSB Reactor
Temperature is another important parameter for both design and operation of anaerobic systems. Generally, external supply of heat is required in most anaerobic digester to provide optimum working conditions, especially for the maximum activity of the methanogenic groups in the anaerobic consortium. Therefore, an external isolation system to prevent the heat loss is also required (Speece, 1996; Igoni, et al., 2008; Alvarez, 2003) . Tchocanoglous et al. (2003) reported that temperatures lower than 20 o C slow down the microbial growth and increase the start-up period since 35±2 o C is an optimum range for mesophilic systems in anaerobic bioreactors. Türk Tuborg Bira ve Malt Sanayi A.Ş. had approximately 18 o C influent temperature in winter and 35 o C during summer time. This temperature values correspond to an average temperature of 27±3.5 o C in the EGSB reactor (Fig 4.a) . Even though, there was no external heat application at the plant, EGSB reactor was able to operate with no significant problem and with high COD removal efficiency which is in compliance with the official discharge standards. Installation of an automatic temperature control system can easily improve biogas production yields.
The optimum pH changes for methanogens are approximately in the range of 6.5 to 8.2 (Speece, 1996) . At low pH conditions acidogenes may repress the activity of methanogenes.
Moreover anaerobic consortium starts to produce VFAs rather than bio-methane, so methane production yield decreases and CO2 content increases. In our study, pH values were in the optimum range (Fig 4.b) except for a few cases where a slight acidification was observed which did not affect the operation. 5 shows that there is an interaction between alkalinity, pH and VFA concentration in EGSB reactor. While alkalinity neutralize the system, increasing VFA concentration decrease the pH value (acid buffer capacity). Alkalinity value around 2500 mg l -1 can protect the system from sudden decline of pH. Lettinga et al. (1997) suggested that anaerobic system alkalinity value must be higher than 1500 mg CaCO3 l -1 . The VFA/Alkalinity ratio must be 0.1 to 0.3 in anaerobic system. As a matter of fact, actual ratio for VFA/Alkalinity in this study was around 0.29. The anaerobic bioreactor's influent alkalinity value is nearly 9.45 mgHAc l -1 (472.5 mg CaCO3 l -1 ). VFA concentration in the reactor was less than 20 mgHAc l -1 (1000 mg l -1 ). VFA concentration affects the activity of both acetogenic and methanogenic bacteria. Acetic acid and butyric acids are the most commonly observed VFA's in an anaerobic process (Khanal, 2008) . All VFAs are converted into acetate in an anaerobic degradation process. The influent and effluent VFA concentrations for Türk Tuborg is 12.5 mgHAc l -1 (625 mg l -1 ) -6.5 mgHAc l -1 (90 mg l -1 ) respectively. Demirci and Saatci (2003) reported VFA concentrations as 100-350 mg l -1 in a mesophilic anaerobic digestion process. Ozturk (2007) suggested VFA concentration should be lower than 1000-1500 mg HAc l -1 for preventing inhibition.
Fig. 5: Interaction between pH, Alkalinity and VFA in EGSB Reactor
In anaerobic biodegradation sulphate and methane production values are important for H2S toxicity. Also COD/SO4 ratio should be above 10 for process control. During the sulphate removal, COD removal can be negatively affected and biogas production can be inhibited. The COD/SO4 ratio in this study was 20 which is higher than 10 indicating that the process was in the safe range for this parameter (Fig. 6.a) .
Phosphate is another very important parameter providing an optimum C/N/P ratio for methanogenic activity. The influent's phosphate values were determined between 40-180 mg l -1 and effluent's values were calculated between 30-120 mg l -1 (Fig 6.b) . Nitrogen is also important for the C/N/P ratio and the bacterial activity (Ozturk, 1999) . Especially, free ammonia concentration is of importance at pH>7.5. In this study, nonionized NH3 concentrations were found to be between 50 to 200 mg l -1 which is in safe range (Fig. 6.c 
Result of BMP Experiments for Solid Wastes
In this study, Biochemical Methane Production protocol was used to investigate the bioenergy potential of solid wastes at Türk Tuborg plant. Anaerobic inoculum which was taken from IzmirPakmaya A.Ş was used throughout the BMP tests. Both total biogas and methane gas were measured continuously.
The organic solid waste generation in Türk Tuborg varies between 2250-3200 ton per month in parallel to the beer production which is in the range of 11000-16000 tons per month. In total, annual solid waste generation from beer production is estimated to be around 35000 tons per year in Türk Tuborg. In order to estimate the bioenergy content of these wastes, BMP tests were carried out for approximately 77 days using various solid waste materials as shown in Fig.7 . As it is clearly seen from the lag time and total gas production values given in Fig.7 , grid wastes seem to be more amenable to anaerobic digestion than malt wastes. Malt wastes started to produce biogas only after 20 days of incubation while the grid wastes started to show gas production in almost a few days of incubation. In terms of total biogas production, again the grid wastes produced much more biogas (1000 ml) than malt wastes (450 ml). It was also observed that increasing dry matter content in the reactors negatively affected the total biogas production. For example, malt wastes with a dry matter content of 10% produced a total of 1100 ml while the same solid substrate with a higher solid content (17.5%) produced only 450 ml biogas. The similar trend was also observed for grid wastes, the total gas production for dry matter content of 17.5% dropped from 1300 ml to 1000 ml. Methane content of the total biogas was started to be monitored in a few days of the incubation in all assays, except for the malt sample with a dry matter content of 17.5% which needed 20 days for the start of gas production. The maximum methane production was noticed after 55 days of incubation (Fig. 7) . Biogas production in each test bottle continued at least for 75 days. All the biogas production values were normalized to a unit amount of solid material in each test bottle as shown in Table 3 . Maximum biogas production per ton of organic dry matter (581 m 3 biogas ton -1 oDM) was achieved with grid wastes having 10% dry matter content in the test reactor (Table 3) . Malt wastes followed this with a value of 440 m 3 biogas ton -1 oDM when 10% dry matter in the test reactor was used. Both types of organic substrates showed a decreasing trend in unit biogas production as the dry matter content in the test reactors were increased from 10% up to 17,5 (114 and 225 m 3 biogas ton -1 oDM for malt and grid wastes, respectively). Brewery wastes are bulky material with high moisture content. The bulk of the organic waste arising as spent malt and hops has traditionally been categorized as food grade allowing a direct recycling to agriculture, either as animal feed or soil improver (Thomas and Rahman, 2006) . Türk Tuborg plant also valorizes these organic materials as animal feed but now there seems to be a better option for valorization of these materials as bioenergy. The current biogas production at Türk Tuborg plant is around 3900 m 3 biogas day -1 (Fig. 8) . Use of malt and grid waste as bioenergy sources seems to provide a significant increase in energy production from waste material.
Fig. 8: Contribution of Solid Wastes in Overall Energy Budget
Conclusion
Waste management in breweries remains a critical and practical problem. Brewing industries exhibit a wide range of production capacities, which induces a strong difference in waste management. All breweries try to keep disposal costs low whilst the legislation concerning waste disposal is becoming more and more stringent. Spent grains, Kieselguhr sludge, yeast surplus and waste labels represent the most important wastes. The most common disposal alternative is to sell these wastes as feed for livestock. However, other technical alternative such as biofuel production via anaerobic biological approach appear to be promising due to the sustainability advantages of the final products (bio-methane and potential fertilizer).
All malt waste anaerobic biodegradation options used in this study has a good and high biogas production. In terms of improving anaerobic biological degradation of raw organic matter available, malt waste provided the best results.
As a conclusion, it was found that the potential of extra biogas production from the brewery solid waste is obvious. Türk Tuborg will be a good reference for the anaerobic bioconversion of solid wastes into bioenergy and for the reduction of carbon emissions.
